Abstract
INTRODUCTION
The soil uniqueness means that soils are a reliable, environmentally friendly source of renewable energy, which, in the process of agricultural production, is bound by plants due to photosynthesis. With a rational use of land resources, it is possible to compensate for a large extent to the deficit of the state's energy balance. However, due to intensive use of soil fertility, namely, uncontrolled reduction of organic matter and biogenic elements, agricultural land is depleted, which is accompanied by a decrease in its productivity and the energy potential of agroecosystems. Investigating soil-ecological conditions of plant growth, they establish reserves of available energy of humus layer, expressed through energetically equivalent crop yields of agricultural crops [4] . For instance, it is established in the western Forest Steppe on podzolized black-soil (Institute of Forage and Agriculture of Podillya NAAS), that at the control, the yield of gross energy with the yield of the main and by-products of crops of grain-tilled crop rotation without grass reaches 183 GJ / ha (2 GJ = 1 cc unit). Despite the fact that organic agriculture (without the use of mineral fertilizers) is the basis for long-term and ecologically sustainable modern land use in the world, this problem is now extremely urgent [5] . For comparison, the costs of anthropogenic resources in the energy equivalent for such agricultural technologies are only 10-12 GJ / ha per year (25% for technical means, 35 for energy, 40% for seeds and pesticides), and the return on 1 GJ of yields reaches 8-9 GJ / ha (Кее). However, at the same time there are significant losses of soil energy concentrated in the organic matter and battery reserves -up to 30 GJ / ha per year [1] . According to the law of energy conservation, the irrevocable use of the energy potential of soils is accompanied by their energy degradation and a decrease in productivity. The soils on which crops are grown are contaminated with radionuclides, heavy metals, pesticides, chemicals and, as a consequence, the products grown on contaminated soils cause a variety of human diseases. One of the conditions for solving such problems is the transition to advanced, environmental, resource and environmental technologies, which will create a qualitatively new, environmentally safe material and technical basis that guarantees a high level of resource and environmental safety of the country. Particularly topical is the problem of ecological and safe land use, because its irrational use in Ukraine in general and, in particular, in the western ForestSteppe has led to a decrease in soil fertility, the spread of erosion processes, an increase in the areas of contaminated and degraded lands and, as a consequence, a decrease output and deterioration of the quality of agricultural equipment. Therefore, there is a need to develop, justify and implement measures to ensure their effective and safe use. The world experience, existing in the developed agrarian countries, shows that the solution is possible by introducing biological farming, which is based on the observance of natural biological laws, produced by nature. It significantly reduces or completely eliminates the methods of chemicalization of agriculture and at the same time adhere to the agricultural laws of minimum and return to achieve the law of the optimum, in which plants are most provided for the conditions of life and development.
THE ANNALS OF "VALAHIA" UNIVERSITY OF TARGOVISTE 2018

MATERIAL AND METHOD
The podzolized black-soil was investigated, mediumloamy, which in the arable layer 0-30 cm contains easily hydrolyzed nitrogen 13-14 mg, mobile forms of phosphorus -9-10 mg, exchange potassium 16-18 mg / 100 g soil, pH of salt extract -6, 5. The experiment scheme was supposed to study six different variants of the fertilizer system (Table 1) in a crop rotation with such alternation of crops: soybean -spring barley -corn for grain -corn for silage -spring barley.
Crops were grown in accordance with generally accepted agricultural techniques. Manure and mineral fertilizers were brought in autumn under plowing, according to the scheme of experience. Straw was plowed after harvesting the predecessor at a rate of 5 t / ha with nitrogen compensation of 10 kg a.s. for each ton. The green mass of white mustard (sown in early August) was used as the siderates, the yield of which was 25 tons / ha. Energy efficiency was determined using the bioenergy assessment method [3] .
RESULTS AND DISCUSSIONS
Analysis shows that more nitrogen is taken out of the soil by the economic part of the harvest of highly productive crops -soybean and corn.
In grain transfer crop rotation, the removal of soybean nitrogen averaged over 3 years 269.3-421.6 kg / ha, corn for grain -239.7-340.2 kg / ha. Since soybean 75% of this amount came from nitrogen fixation from the air, its removal from the soil was only 52.0-82.0 kg / ha, or compared with corn in 3-3.5 times less. In accordance with this, in the field of soybean cultivation, the mineralization of soil humus is three times less than in the corn cultivation field (Table 2) . Depending on the type of crop and yield level, the amount of plant residues returned to the soil also changed as a material from which humus is subsequently formed. The maximum amount of biomass entering the soil in the form of root and after harvesting residues is observed after harvesting corn for grain at a high yield, and the minimum -after cultivation of corn for silage. As a result of the decomposition-synthesis of organic residues, humus accumulates in the soil, the more of which is accumulated, the more biomass of plants entered the soil. High efficiency of all fertilizer systems was noted (Table 3 ). The variant of an intensive organo-mineral system was the most effective in all cases, the productivity of feed units was 8.91 t / ha, and digestible protein -7.29 t / ha. The yield increase in it was about 10-17%. The application of fertilizers occupies one of the main places in the structure of expenditure among agrotechnical measures. Thus, for example, when growing grain crops, fuel costs for tractors are 18.5%, while mineral fertilizers account for 55.6%, namely more than half [2, 3, 8] . The highest crop of grain and feed units was provided by options of growing corn, and digestible protein -by soy (Table  3, 4) .
A large number of material, technical and labor resources, and, consequently, anthropogenic energy are used annually for growing agricultural crops. Obtaining higher and sustainable crop yields requires an increase in energy costs [2, 3] . In conditions of growing deficit of non-renewable energy resources, it is necessary to develop such agrotechnologies that ensure maximum use of photosynthetic active radiation by agrocenosis and, consequently, reduction of energy intensity of products.
A systematic analysis of spent and accumulated energy makes it possible to evaluate all agricultural processes from the energy point of view and determine the effectiveness of technologies for growing crops [1] . Proceeding from this, the efficiency of agrarian production should be assessed not only by quantitative indicators of crop yields, but also by energy costs for their production [2] .
It has been experimentally proved in many experiments that the ratio between organic and mineral fertilizers has a great influence on the intensity of humus content. An increase in this ratio is wider than 1:15 tons of organic fertilizers per kilogram of active mineral fertilizers, leading to a damping of the soil process, a slowdown in humification and, after a ratio of 1:20 t / kg, even in the dehumification of soils. The reason for this effect is that almost all mineral fertilizers are salts of monovalent cations (K +, NH +, Na +), which disperses humus, leads it to mobility along the soil profile and it is accelerated by microbes. The introduction of organic fertilizers provides the formation in the soil of organic colloids, which quench the valence of monovalent cations and fix them in the soil. Especially narrow ratio in the USA (1: 8) and China (1: 5). In our studies this indicator is 1: 10.2-1: 20 in crop rotations (Table 1) . The plowed green mass of plants is not only a source of nutrients, but also the replenishment of humus stocks in the soil, which is formed as a result of the processes of mineralization-humification of the sideral mass. In order to quantify the accumulation of humus in the soil, when the green mass of plants is plastered onto the fertilizer, it is necessary to take into account the nature and peculiarities of the use of nitrogen by the grown crop from the crop-rotation and its fixation in the soil in the form of humic compounds. Green fertilizer has almost the same effect on the yield as well as manure. This can be explained by the fact that when the fresh mass of young plants rich in nitrogen is decomposed, the soilbiological processes and soil humus become more actively mineralized by these processes. Proceeding
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from these data and developments [1, 2, 7] , we calculated the humification coefficient of the green biomass humidified at the end of flowering, equal to (based on the dry substance content of the dry matter and the C: N ratio) of 0.025, that is, with 100c of raw biomass, 2.5c of humus is formed.. The aforementioned coefficient is averaged, since its value substantially changes in the direction of increase or decrease, depending on the degree of maturity of the plant (the period of plowing) of the content of dry matter and nitrogen in the biomass of the siderate, the ratio of carbon and nitrogen (C: N), and even the depth of wrapping of green fertilizers.
Agriculture of Ukraine uses more and more raw materials and energy, with each year its material and energy resources increase. Energy costs for the production of a unit of mass of agricultural products are constantly growing (during the 20th century -8-10 times), since the creation of an additional unit of yield is provided by investments of energy, the carrier of which is not only organic and mineral fertilizers, but all factors of fertility, which actively influence the growth and development of plants. It is not by chance, that at the current level of production, to increase yields, for example, grain, energy costs for machinery, fertilizers, pesticides, land reclamation are significantly increased, far exceeding the standards. In this regard, it became necessary to begin to study and introduce energy analysis in the agroindustrial complex of Ukraine, which is already used in agriculture in the US and Europe. The peculiarity of the development of agriculture at the present stage indicates that an increase in yields of 2-3 times is accompanied by an increase in energy costs per unit of output by 10-50 times [3, 6, 8] . This gives grounds to consider the production of food as an energy problem.
Dynamic growth of the energy price of food products, taking into account the non-use of a significant part of energy resources, environmental restrictions put the rational use of energy in a number of the most important tasks of modern farming.
At the same time, one should not understand this problem narrowly, only from the position of the economy in the sphere of technical costs.
In the agro-industrial complex, where land is the main production resource, the improvement of the structure of energy inputs can be achieved not only by regulating the use of material and technical resources, but also through more rational use of the potential of cultivated plants, climatic, microclimatic, and ground conditions [2, 3] .Each technology requires different energy use. To assess the appropriateness of the practical application of the technological process or its individual elements from the energy point of view, it is necessary to quantify their bioenergy efficiency.
The production of crop production consumes material, energy and labor resources. To calculate the total energy expended on this process, energy equivalents are used that show the costs of direct and indirect energy per unit of consumed items and means of labor, as well as the expenditure of energy of living labor per unit of time. This approach allows us to recommend the best technology for the practice from the energy point of view. In addition, it is desirable to analyze the components of the aggregate energy that is expended on the production of certain crop production according to the energy-saving technologies defined by us in order to find additional energy-saving reserves.
Such indicators as the accumulation of energy per hectare of crop rotation area, the energy productivity of crop rotation are of practical interest. The most effective agrocenosis in this regard is provided by the organic fertilizer system of the rotation link (Table 5) , where this indicator for the main production is, respectively, 9876 MJ / ha, depending on the crop, while for other crop rotations it is, on average, 2,0 times less.
A similar trend persists in determining this indicator, taking into account the by-products.
In general, during crop rotation (Table 5) , the lowest energy value of crop and the minimum cost of anthropogenic energy in the variant without fertilizers (control) К ее were the highest -7.4. The high yield of crop energy and К ее value (8.80) provided an organic fertilizer system, indicating the high efficiency of the application of these fertilizers. All other fertilizer systems for energy efficiency were practically equivalent.
CONCLUSIONS
The use of surplus straw on fertilizer combined with the introduction of mineral fertilizers and green fertilizer is a significant source of increasing humus reserves in the soil.
Based on the study results of the energy efficiency of fertilizer systems in the short-term grain-row crop rotation of the western Forest-Steppe with alternating crops: 1.soybean -2.spring barley -3. corn for grain -4. corn for silage -5. spring barley) it has been established that the highest energy efficiency for the rotation of the crop rotation was ensured by the use of an organic fertilizer system, and the productivity is increased due to the intensive organo-mineral system. Note: 1. soybean -2. spring barley -3. corn for grain -4. corn for silage -5. spring barley). 
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